Many studies have investigated the socioeconomic consequences of residential economic segregation in U.S. urban areas. These studies mainly focus on the impact of economic segregation on the poor or minorities and almost universally find that economic segregation hurts these groups in many ways. However, few studies investigate how economic segregation relates to the economic growth of an urban area as a whole. While there are papers that study this issue theoretically, empirical evidence is lacking. The motivation of this paper is to fill this gap. Using U.S. census data, this study documents a significant negative relationship between the initial levels of economic segregation in 1980 and the subsequent economic growth, indexed by metropolitan population growth, in 1980-2000 in U.S. metropolitan statistical areas (MSAs). Holding other things constant, MSAs having higher initial levels of economic segregation experienced substantially slower subsequent population growth.
Introduction
Economic segregation is a persistent feature of the US metropolitan landscape. Many studies have investigated the consequences of economic segregation from different perspectives. Some studies find that economic segregation has strong negative effects on the poor in their schooling, employment, and income (Cutler and Glaeser, 1997; Wilson, 1987; Kain, 1968; Mayer, 2002) , leading to the persistent income inequality in U.S. urban areas (Durlauf, 1996) . Other studies show that concentrated poverty largely increases the exposure to infectious diseases, crime, and the risk of mortality for people living in poor neighborhoods (Massey, 1995; Waitzman and Smith, 1998; Lobmayer and Wilkinson, 2002; Acevedo-Garcia et al., 2003) . In brief, these studies find that economic segregation hurts people in poverty along multiple socio-economic dimensions.
All the aforementioned studies focus on the micro socioeconomic implications of economic segregation. Yet much less studies in the existing literature investigate the macro implications of economic segregation, such as how economic segregation may affect the growth of an urban economy as a whole. Several studies (Benabou, 1993 (Benabou, , 1996a provide theoretical analysis of this topic, yet empirical evidence is lacking. The motivation of this paper is to fill this gap by investigating how the initial patterns of economic segregation in U.S. MSAs are associated with their subsequent economic growth.
The main mechanism through which economic segregation may affect urban economic growth is by affecting human capital externalities. The study of such a connection is traced back to Lucas (1988) . In that paper, Lucas highlights the central role of "external effects of human capital", which is interchangeable with human capital externalities, in explaining long-run endogenous economic growth and points out two important factors that determine the extent of human capital externalities. First, human capital externalities are a positive function of the average level of human capital. Second, human capital externalities operate through group interactions in groups "larger than the immediate family and smaller than the human race as a whole (p.38)."
The positive correlation between the average level of human capital and economic growth is well documented both internationally (Barro, 1991; Benhabib and Spiegel, 1994) and domestically (Simon, 1998 (Simon, , 2004 Glaeser et al., 1995; Glaeser and Shapiro, 2003; Shapiro, 2006) . However, much less attention has been paid to the scope of externalities related to human capital. This may be because the scope of human capital externalities is not included in Lucas' endogenous growth model under an assumption of homogeneous agents. In such a setting, everyone is homogeneous and it does not matter with whom one interacts. Tamura (1991) relaxes the homogeneous agent assumption by assuming heterogeneous agents in terms of their human capital level. The model predicts income convergence by assuming that any human capital improvements generated by high human capital agents automatically enters into the human capital production functions of low human capital agents.
However, this assumption ignores the fact that the scope of human capital externalities is limited as mentioned in Lucas(1988) . This is why Tamura's model does not obtain empirical support from a world where persistent poverty is common.
Generally speaking, individuals are more likely to interact with people spatially near to them than those who are spatially far from them. When low human capital agents are spatially insulated from interacting with high human capital agents, the human capital externalities operate poorly. If human capital externalities are crucial to long-run economic growth, then residential economic segregation may affect urban economic growth through influencing the operation of human capital externalities. Benabou's (1993; 1996a; 1996b) theoretical analyses on economic segregation are in line with the above argument. He argues that economic segregation may affect urban economic growth through local and global levels of interactions between high human capital agents and low human capital agents. At the local level, economic segregation combined with school financing from property taxes produce significant disparities in school districts' resources. This severely hinders the human capital accumulation in poor neighborhoods due to the lack of good peers in school and role models in the neighborhoods. In extreme cases, residents in poor neighborhoods may give up education and drop out of labor markets, which lowers the supply of low-skilled workers. At the global level, economic segregation produces the polarization of skills. Such polarization does not allow for skill complementarity and contributes to productivity slowdown. Although agents with high human capital prefer neighborhood sorting to maximize their utilities, Benabou (1996a; 1996b) shows that, for an urban economy as a whole, neighborhood sorting by income hinders its long run economic growth.
The theoretical models predict a negative effects of economic segregation on urban economic growth. For the empirical side, however, only some early studies, such as Ledebur and Barnes (1992) and Rusk (1993) , report some descriptive statistics that show a negative correlation between economic segregation and overall employment growth in the US
MSAs. Yet to have a comprehensive understanding to such an important topic, a more thorough empirical investigation is necessary. This is the very contribution of this study to the literature.
To provide a comprehensive investigation of the relationship between economic segregation and urban economic growth, some empirical challenges and concerns are addressed.
We first run regressions including different sets of metropolitan characteristics as controls to deal with the possible omitted variables bias, aiming to identify whether the estimated result is just a correlation or a causal relationship. Then we investigate whether dividing population simply into the poor group and the non-poor group and assuming homogeneity within each group bring in bias to our estimation or not. This part also investigate whether economic segregation between poor families and non-poor families has the same relationship to urban economic growth as economic segregation between two non-poor income groups does, say between middle income families and affluent families. After that, we study the interaction property of the estimated coefficient of economic segregation and urban economic growth based on nonlinear peer effect function. Finally, we deal with the high correlation between residential economic segregation and residential racial/ethnic segregation to remove the possible confounding effect of such a correlation on our estimations. After addressing all these challenges and concerns, we further provide some robustness checks by controlling urban housing market elasticity and by using alternative measures of economic segregation.
The remainder of the paper is organized as follows. Section 2 explains the measure of economic segregation and describes the data. Section 3 presents the empirical model to connect economic segregation to urban economic growth. Section 4 reports the empirical results. Finally, section 5 concludes.
Data and Measurements

Data
This study uses U.S. Census data from 1980 to 2000. Because the spatial boundaries of MSAs in the US change over time, using the original census data is problematic in generating variables to measure metropolitan economic growth between 1980 and 2000. To solve this problem, we use recalculated census data provided by GeoLytics company. This set of census data recalculate 1980 census data using 2000 census geographical boundaries.
There are a total of 375 MSAs defined in the 2000 census with 48 US continental states included in our sample. 1
Measuring Economic Segregation
To investigate how economic segregation relates to urban economic growth, we must first generate a proper measure of economic segregation. There are many indices designed to measure residential segregation. Among them, the dissimilarity index (D index) is commonly used in the existing literature (Massey and Denton, 1988; Abramson et al., 1995; Glaeser et al., 1995) . The advantages of using the D index are easy calculation and comparability with other studies. One disadvantage, however, is that we must cut the population arbitrarily into two income groups and treats each group as homogeneous because the D index is a dichotomous measure. Doing this ignores the economic segregation within each population group. Right now we will first cut the total population into two groups to gener-ate a D index as a measure of economic segregation. In a later section, we will investigate whether such a simplification affects the main results of the estimation on the relationship between economic segregation and urban economic growth.
To calculate the D index, we follow US census bureau's definition to separate the population into people in poverty and people not in poverty. 2 The census data report the numbers of both groups for each census tract. We use this information to calculate D index for economic segregation. The D index thus describes the percentage of residents needing to move to obtain the same proportion of people in poverty (poverty rate) across all neighborhoods (approximated by census tracts) in a MSA. The formula for the D index is as follows:
where t i and p i are the population and poverty rate in census tract i within a MSA;
while T and P are the total population and average poverty rate in that MSA. The D index varies between 0 and 1. 0 stands for no economic segregation when all census tracts have the same poverty rate. 1 stands for absolute economic segregation when census tracts have either a 100 percent poverty rate or zero percent poverty rate. Therefore, when the D value is high, poverty will be sorted into some census tracts to form high poverty concentrated neighborhoods. Figure 1 gives an illustration of the D index.
( Figure 1 is inserted here)
The left part of the figure is Prescott, Arizona, whose poverty rate is 12.64%. Poverty is distributed quite evenly so that all census tracts have poverty rates between 10 percent and 20 percent. It thus has a very low D value at 0.061. The right part of the map is NaplesMacro Island, Florida. Its poverty rate is 13.48%, which is very close to that of Prescott; however, poverty is far less evenly distributed in Naples-Macro Island than in Prescott.
Some coastal census tracts have poverty rates close to 0 percent, while some other census tracts in the upper right part have poverty rates between 40 and 70 percent. Such an uneven distribution of poverty generates a very high D value at 0.607.
Other Variables
We follow Glaeser et al. (1995) and Alesina and Ferrara (2005) by using population growth rather than growth in per capita income as a measure of regional economic growth. This is because population growth better reflects economic growth within a country than per capita income growth does given the assumption that labor is perfectly mobile within a country. 
Summary Statistics
To provide an overview of the data, statistical summaries of the main variables are presented in Table 1 . (Table 1 is inserted here) (Table 2 is inserted here) The major empirical challenge of obtaining an unbiased estimation of the relationship between economic segregation and metropolitan population growth is the issue of omitted variables bias. Those variables that are significantly correlated to both economic segregation and metropolitan population growth are crucial controls in our estimations. Table 2 allows us to identify these variables and we will see how including these variables affect the estimation results in Section 4. These variables are average years of schooling, population density, unemployment rate, and some regional dummy variables.
The shrinkage of the U.S. manufacturing industry is significantly negatively correlated with metropolitan population growth between 1980 and 2000 as shown in Table 2 . Most of the rust-belt cities that grew slowly or even shrank because of the decline of the U.S.
manufacturing industries also had high levels of economic segregation in 1980. It is very easy to have an impression that the negative correlation between economic segregation and metropolitan population growth is because of the positive correlation between economic segregation and manufacturing industry share in U.S. MSAs. However, Table 2 reports a very weak correlation between these two variables, which lowers the possibility of omitted variable bias generated from variables related to the manufacturing industry.
Econometric Framework
We apply the econometric framework developed by Glaeser et al. (1995) to investigate the relationship between residential economic segregation and urban economic growth. In this setting, labor and capital are assumed to be perfectly mobile among different urban economies. Metropolitan areas are different only in the level of productivity and quality of life.
The level of productivity in a MSA will determine the wage rate in that MSA, while the quality of life in that MSA will affect the workers' utilities generated from the wage income. If the wage income in a MSA generates higher utility for its residents than wage incomes in other MSAs do, either because of high level of productivity (high wage rate) or better quality of life, workers in other MSAs will choose to migrate in. This will drive down the wage rate because of increased labor supply and cause congestion problems, which will lower the utility of the wage income in this MSA. In equilibrium, utilities generated from wage incomes should be the same across all MSAs, and workers should have no incentives to move. Such an equilibrium can be expressed in the following equation:
where U is a national constant utility, A i , Q i , and L i are the level of productivity, the quality of life and total employment in MSA i. For the exponents, there are θ > 0, α > 0, β > 0,and γ < 0.
Taking the log of both sides of equation (1) and generating the first difference between the time period t and t + 1, we have
Rewrite equation (2) to the following form
where
, and they are all constants with λ > 0 and ρ > 0.
Equation (3) simply shows that the change of the equilibrium total employment in MSA i between time period t and t + 1 is determined by the changes of the level of productivity and the quality of life in that MSA. When there is increase in productivity or improvement in quality of life in MSA i, its equilibrium total employment will increase accordingly, which is the economic expansion in MSA i.
In this setting, the changes of the productivity and the quality of life in a MSA between time period t and t + 1 are determined by the initial values of a set of urban characteristics, such as average education level, poverty rate, unemployment rate, economic segregation, population density, weather, and so on. We denote the initial pattern of economic segregation in MSA i as ES it and put other urban characteristics into a vector as X it . We have
Combining equations (3), (4) and (5) generates the econometric equation used in this paper to estimate the relationship between residential economic segregation and metropolitan population growth, which is σ 1 in the following equation.
where σ 1 = λ η 1 + δ ρ 1 , σ 2 = λ η 2 + δ ρ 2 , and τ it = µ + λ ζ it + δ ξ it .
Results
This section reports our empirical results. All regressions in this study use Ordinary Least Squares estimation. Robust standard errors are used in calculating t statistics in all the regressions to correct heteroscedasticity. Table 3 displays benchmark regressions that include the urban characteristics that are commonly included in urban economic growth models. These urban characteristics are gradually added in regressions to observe how they affect the estimated coefficient of economic segregation. Regression 1 first includes only the D index as the measure of economic segregation. The estimated coefficient is negative and statistically significant with a t-value of -2.79. This result is consistent with the theoretical prediction that economic segregation is harmful to long-run urban economic growth. Regression 2 then adds average years of schooling into the model. Being consistent to the findings in the studies mentioned in Section 1, MSAs with higher initial average education levels experienced faster subsequent population growth. After controlling average education level, the estimated coefficient of the D index becomes quantitatively larger and statistically more significant. Results of regression 2 echo the statement in Lucas (1988) that both the average levels of human capital and the scope of group interactions are important to the operation of human capital externalities, which are crucial to long-run economic growth.
Benchmark Regressions
( Table 3 inserted here)
Column 3 further includes population density and unemployment rate which are significantly correlated with both metropolitan population growth and residential economic segregation in regression. If the estimated negative relationship between economic segregation and metropolitan population growth in regression 1 is actually because of the correlation between economic segregation and these urban characteristics, including these variables will largely change the estimated coefficient of the D index. The results of regression 3
show that MSAs with higher initial population densities in 1980 grew slower in the subsequent two decades. This is consistent to the finding in Barro and Sala-i-Martin (1996) . The results also show that MSAs with higher initial unemployment rates had slower subsequent population growth. After controlling these two urban characteristics, the size and statistical Regression 4 also finds that MSAs with higher initial Hispanic population shares had much faster subsequent population growth. This may be due to the high fertility rate among Hispanic women. 4 Another urban characteristic that has a significant estimated coefficient is Heating Degree of Days as a measure of weather. MSAs with colder winters grew much slower than MSAs with warmer winters. This result echoes the recent findings that the US households significantly increased their valuation of weather's contribution to quality of life in recent decades (Cragg and Kahn, 1999; Costa and Kahn, 2003) . Finally, the initial poverty rate has a marginally significant positive relation to the subsequent population growth, which is a little counter-intuitive. Possible explanations are that poor people attract poor people to migrate in or that capital moves to MSAs with abundant supply of low-skill labor.
Other urban characteristics in regression 4 are not found to have significant associations to urban population growth. The populations of richer metropolitan areas are not found to have grown slower, which is consistent to the findings in Glaeser et al. (1995) and Rappaport (1999) using U.S. city level data and U.S. county level data respectively, 5 Meanwhile, population growth in 1980-2000 had no significant correlation to the initial metropolitan 4 Kltsch (1990) reports that Hispanic fertility rate was about 40 percent higher than the rate of NonHispanics in 1980s. 5 The convergence idea basically says that capital and labor should move to regions with lower wage rates.
population size, again showing no convergence trend. Finally, initial black population shares had no significant relationship to the subsequent urban population growth. After controlling all these urban characteristics, interestingly, the estimated coefficient of the D index is both quantitatively larger and statistically more significant, implying that the estimated relationship between economic segregation and urban population growth may be underestimated without including these urban characteristics.
Regression 5 further includes census region dummies to capture the unobserved systematic difference of urban characteristics between MSAs in different census regions. Similar to the findings in Glaeser et al. (1995) and Alesina and Ferrara (2005) , regional dummies capture a large portion of the metropolitan population growth variations. Including these regional dummies increases the R square from 0.415 to 0.508. This implies that unob- Table 3 . Does metropolitan population growth really alleviate economic segregation? To test this, we investigate how metropolitan population growth between 1980
and 1990 correlates to the changes of the levels of economic segregation between 1980 and 1990. The correlation coefficient is 0.053 with low statistical significance. Such a positive correlation is not difficult to understand if we refer back to Table 2 . When a MSA experiences population growth, its population size increases and normally its population density and per capita income increase as well. As we pointed out in section 2.4, larger population size, higher population density and higher per capita income are all related to a higher level of economic segregation. Therefore, metropolitan population growth is very likely to increase the level of economic segregation but not to decrease it. We thus reject the hypothesis that the estimated negative relationship between the initial values of economic segregation and subsequent metropolitan population growth is driven by a reverse causal effect. If there is any effect of such a reverse causality on our estimation, it may only underestimate the coefficient of economic segregation.
After rejecting the possible reverse causality between metropolitan population growth and economic segregation, we still cannot identify the estimated relationship as a causal relationship due to the possible omitted variables bias. Such a negative correlation may be driven by some other urban characteristics that correlate with both urban population growth and economic segregation. It is commonly believed that using the first difference of variables instead of the levels of variables in regressions could effectively remove the potential omitted variable bias, providing stronger evidence for the causal relationship of interest. However, a recent study (Chiarella and Gao, 2002) Table 3 runs a model of levels on the pooled sample using the same controls as those in regression 5 plus year dummies. All the estimated coefficients in regression 6 have around half the sizes compared to those in regression 5.
This is because the population growth is measured in a 10-year time period rather than a 20-year period in previous models. The signs and statistical significances of the estimated coefficients are all consistent with those in regression 5.
Regression 7 in Table 3 on their urban characteristics at the same time point. Therefore, discarding the connection between cross-sectional differences of urban population growth and urban characteristics in regression 7, based on (Chiarella and Gao, 2002) , may generate Type I error. In this case, models of levels are more proper to use. We thus use model 5 as our benchmark regression and all the control variables in model 5 will be the standard controls in the following analyse.
Given no proper instrument variables available to provide exogenous changes of economic segregation in this study, the models of levels still cannot identify casual relationship without proper dealing with omitted variables bias. Altonji et al. (2005) , however, provides a way to assess the degree of omitted variables bias. Applying their approach to our case, under the assumptions that the set of observed urban characteristics is chosen at random from the full set of urban characteristics that correlate with both economic segregation and urban population growth and that none of the urban characteristics dominates the distribution of economic segregation and urban population growth, the part of metropolitan population growth that is related to the observed urban characteristics has the same relationship with economic segregation as the part related to the unobserved urban characteristics. We therefore can use the former relationship as a guide to the latter relationship.
After controlling a rich set of urban characteristics and regional dummies, which raising R square from 0.026 in regression 1 to 0.506 in regression 5, the estimated coefficient of the D index does not become weaker or smaller, but increases its size slightly from 0.435 to 0.541 and has a stronger statistical significance. This means that the relationship between economic segregation and metropolitan population growth will be under-estimated without controlling the observed urban characteristics. If we agree with the above mentioned assumptions based on (Altonji et al., 2005) , omitting the unobserved variables will also generate under-estimation to the estimated coefficient of the D value. This means that our estimation in regression 5 provides a lower bound of the true relationship given that some urban characteristics are omitted. Even if the omitted variables correlate with urban pop-ulation growth and economic segregation reversely as the observed urban characteristics do, based on (Altonji et al., 2005) , to fully cancel out the estimated negative relationship between economic segregation and urban population growth, they must have many times stronger correlation with urban population growth and economic segregation than the observed urban characteristics do, which is very unlikely.
Given all above analyse, we feel quite confident that there is a negative causal relation- 
Pair-wise Interclass Economic Segregation
As we mentioned before, using a dissimilarity index to measure economic segregation needs to divide the population into two groups and to assume homogeneity within each group. However, income is not a dichotomous but a continuous variable. For the group in poverty, it is relatively safe to assume it is homogeneous. For the group of non-poor, however, family incomes vary largely. Some families had incomes just a little above the poverty threshold, whereas some other families had incomes many times higher than the poverty threshold. When non-poor families at different income levels live geographically separate from each other, economic segregation exists among these income groups within the non-poor population group. Treating all non-poor families as homogeneous and ignor-ing the economic segregation among non-poor families may bias the estimation results on the relationship between economic segregation and urban economic growth. Some studies develop indices (Massey and Eggers, 1990; Jargowsky, 1996) to capture the economic segregation, not only between poor and non-poor, but within the non-poor families as well.
Using census tract data from 1970 and 1980 , Massey and Eggers (1990 defines four social classes based on specific income thresholds: poverty, lower-middle class, upper-middle class, and affluent. To compare interclass segregation, they compute six pair-wise indices of dissimilarity among the four social classes. They finally average these indices to come up with an aggregate measure of economic segregation.
Should we follow Massey and Eggers (1990) to generate an aggregate D index and use it to investigate the relationship between economic segregation and urban economic growth? Doing so implies an assumption that economic segregations between different income classes have the same relationship to urban economic growth. However, this assumption contradicts our intuition. According to aforementioned theories, economic segregation affects urban economic growth mainly through hindering the human capital accumulation of low income families or unskilled workers due to a lack of good peers in school, a lack of role models in the neighborhoods, or insulation from job information. Economic segregation between non-poor income groups, say between affluent families and upper-middle class families, however, is hard to be believed to relate urban economic growth through the same mechanism as that works between poor families and non-poor families. If economic segregation does affect urban economic growth through hindering the operation of human capital externalities, we should observe different effects of economic segregation between different income groups on urban economic growth. To test this, we follow Massey and Eggers (1990) to generate 6 pair-wise D values based on four income groups. Because
Census 1980 reports household incomes in intervals, we are not able to define the poor group exactly based on the poverty thresh-hold defined by census bureau, which was $8351
for a four-member family in 1980. We thus define all households with incomes below $10,000 as the poor group, which includes four income intervals: $9,999-7,500, $7,499-5,000, $4,999-2,500, and $2,499 below. The definitions for other three non-poor income groups are arbitrary. 7 Households with incomes between $10,000 and $19,999 are put in lower-middle income group. Households with incomes between $20,000 and $34,999 are put in upper-middle income group. Finally, households with incomes at or above $35,000 constitute affluent group. Then six pairwise D indices are generated based on these group definitions.
The summary statistics of the interclass pair-wise D values are reported in Table 1 . Ta 
Economic Segregation and Nonlinear Peer Effect Function
Mixing low human capital agents with high human capital agents in neighborhoods is very similar to mixing low IQ students with high IQ students in classrooms. Henderson et al. (1978) found compelling evidence that peer effects were nonlinear. Student performance rose with the average classroom IQ score. The increase, however, slowed as the mean IQ rose. It suggests that when most students have high IQ, the benefits of mixing drop. Returning to the scenario of economic segregation in urban area, similar nonlinear neighborhood effects imply that if most of the residents in a MSA are high human capital/high income agents, the benefit of residential integration is low, or the cost of economic segregation is low. But if a large proportion of residents in a MSA are low human capital/low income agents, the cost of economic segregation will be high. If economic segregation does affect urban economic growth through affecting human capital externalities in the form of neighborhood effects, we should observe an interaction between economic segregation and the proportion of low human capital agents, approximated by poverty rate in this study, in their relationships with urban population growth. The predicted sign for the interaction term is negative. When poverty rate is higher, economic segregation is more costly thus the negative effect of economic segregation on urban population growth will be larger.
Regression 1 in Table 6 includes an interaction term between the D index and poverty rate. To make the estimated coefficient of the D index easier to interpret and to remove the possible collinearity problem, we use the demeaned D index to calculate the interaction term. The estimated coefficient of the interaction term is negative, which is consistent with the prediction; however, it is statistically insignificant. The possible explanation of the insignificant estimation is that the poverty rate is a vague representation of low human 
Economic Segregation vs. Racial Segregation
This section addresses a concern of the high correlation between residential economic segregation and residential racial/ethnic segregation in U.S. metropolitan areas that may confound our estimation on the relationship between economic segregation and urban economic growth. Such a correlation exists mainly because a much larger proportion of the minority population is in poverty than that of the majority whites. Because of this, those poverty concentrated neighborhoods are very likely also concentrated with minorities and those racial/ethnic concentrated ghettos are very likely also poverty concentrated. Therefore, the observed economic segregation captures not solely the residential segregation by incomes but at least partially the residential segregation by races/ethnicities. If racial/ethnic segregation and economic segregation have different macro-economic impacts on urban growth, the estimated coefficient of economic segregation on urban growth will be biased.
To disentangle economic segregation from racial/ethnic segregation, we differentiate observed economic segregation by two types. One is economic segregation within a racial/ethnic group between its poor members and its non-poor members. To calculate a measure of the second type of economic segregation, we make a simplification by putting all minority groups into one group. We thus have only two racial/ethnic groups: majority whites and minorities. Based on this simplification, we could generate two D values: between non-poor whites and poor minorities and between poor whites and non-poor minorities. Between these two, sociologists and economists pay much more at-tention to the segregation between non-poor whites and poor minorities than to the another one. We thus include this one in our analysis to represent economic segregation between racial/ethnic groups. 8 We call this D value the "Between D index". Meanwhile, to distinguish the D index we create in Section 2.2 from these new D indices, we call it "Total D index".
We also generate a measure of "pure" residential racial/ethnic segregation. When families with similar incomes, say all poor families, are sorted into different neighborhoods by races/ethnicities, such kind of residential segregation is solely driven by their racial/ethnic backgrounds but not by their family incomes. This is "pure" racial/ethnic segregation. To generate a measure of "pure" racial/ethnic segregation, we again simplify our analysis by putting all minorities into one group. Two D values may be generated to measure "pure" racial/ethnic segregation: one is between poor whites and the other is between poor minorities and between non-poor whites and non-poor minorities. We only include the D value between non-poor whites and non-poor non-whites in our study and call it as "Racial/Ethnic D Index" . 9 (Table 7 inserted here)
The summary statistics of these D values are reported in Table 1 , and the pair-wise correlations are reported in Table 7 . Table 1 ( Table 8 inserted To test these predictions, regression 1 in Table 8 confidence level. These results show that under the control of "pure" economic segregation, initial "pure" racial/ethnic segregation does not significantly associate subsequent metropolitan population growth. We cannot reject the hypothesis that "pure" racial/ethnic segregation does not systematically affect U.S. metropolitan population growth.
The results in this section further provide evidence to the robustness of the estimated negative relationship between initial levels of economic segregation and subsequent population growth in U.S. metropolitan areas. These results also point out the need for paying more attention to study the economic outcomes of residential segregation within racial/ethnic groups, especial between affluent white families and poor white families, which attracts little attention before. 10
Robustness Checks
In the following sections, we provide some robustness checks for the estimated negative relationship between economic segregation and urban growth.
Housing Supply Elasticity
As we mentioned in section 2.3, it is better to use population growth to measure economic growth in cities within a country than to use per capita income growth given an assumption of free labor mobility. The free mobility assumption implies that each city has an elastic housing supply to accommodate new residents. However, as some recent studies have pointed out (Glaeser et al., 2006; Saks, 2008; Saiz, 2010) , urban housing supply is very much related to the geographic conditions and government regulations on housing projects.
If a city has a large portion of land undevelopable (deserts, wetlands, mountains) or is practicing tight regulations that constrain new residential real estate development, the house supply in this city will be inelastic. In this case, increases in productivity and improvements in the quality of life will not be translated into population growth which demands an increased supply of housing units, but will result in higher housing prices. Therefore, population growth may be a noise measure of U.S. metropolitan economic growth and may bias our estimation results if economic segregation in U.S. MSAs is systematically correlated to metropolitan housing supply elasticity.
To remove the possible bias of the estimation, we need to control the impact of housing supply elasticity on metropolitan population growth. We use two variables reported in Saiz (2010) to measure housing supply elasticity. One is the Wharton Regulation Index (WRI) which measures the tightness of the regulations on residential real estate development.
Another is the proportion of undevelopable land in metropolitan areas. Both of these two measures are expected to be negatively correlated to metropolitan population growth. Saiz (2010) reports these two measures in 95 metropolitan areas with population greater than 500,000 in year 2000. We find that Jersey city is in the same metropolitan area as New
York city in our definition of MSAs so we drop out Jersey city. We therefore create a new sample out of our full sample including only 94 MSAs with population greater than 500,000 in year 2000. We first run the same regression as regression 5 in Table 3 using the new sample. Column 1 in Table 9 3 can be extended to MSAs with populations below 500,000, which we do not see reasons why not, our estimation of the negative relationship between economic segregation and metropolitan population growth provides the lower bound of the true relationship.
Neighborhood Sorting Index
Paul Jargowsky (Jargowsky, 1996; Jargowsky and Kim, 2005) poor families and non-poor families is relevant to the subsequent metropolitan population growth, but we would like to use NSI to conduct a robustness check here.
The equation to generate NSI is as follows
where y i is the income of household i, h n is the number of households in neighborhood (approximated by census tract) n, and H and N are the total number of households and neighborhoods in a region.
U.S. census data do not report incomes for individual households, but only report the number of households in each income interval in a census tract. We use the middle point of an income interval to stand for the household incomes for all households in that income interval. For example, for all households between income interval of $5,000 -7,500, we use $6,250 to represent their income. Based on this approximation, we calculate the NSI for 375 MSAs using 1980 census data. Table 1 shows that the mean NSI value is higher than the mean D value. This is because NSI captures the economic segregation between some different income groups that are treated as equal by the D index.
Regression 4 in Table 9 
Residential Segregation by Education Attainment
According to Mincer's 1974 log earning function, one's human capital is revealed by his/her income. We thus use neighborhood sorting by income to proxy the spatial distribution of human capital in this study. An alternative measure of the spatial distribution of human capital is the spatial distribution of education attainments. Compared to education attainments, income is a better measure of human capital because it not only captures one's education attainment, but also other important determinants of human capital, such as on-the-job training, working experience, health condition, and so on. However, one drawback of using income to proxy human capital is that it is measured at a specific time point and may fluctuate easily with some temporary events, such as unemployment, temporarily leaving the labor market, staying in school, and so on. Meanwhile, some retired seniors have lower incomes than those still employed, but their human capital levels may be similar. Therefore, the spatial distribution of education attainment provides a more stable proxy of the spatial distribution of human capital than the spatial distribution of income does, although it has its own drawbacks.
To conduct a robustness check, we generate a measure of residential segregation by education attainment using the education attainment data for people above age 25. The census data reports education attainments in five groups as mentioned in section 2.3. To be consistent with our cut of population into the poor and the non-poor, we cut population into two groups: below high school graduation and high school graduation and above. A D value is generated to measure the residential segregation between these two groups. Regression 5 in Table 9 Benabou, 1993 Benabou, , 1996a ) works. Although our study is not aimed to pin down the exact mechanism through which economic segregation relates to urban economic growth, the estimation results provide positive evidence to the mechanism of hindering the positive human capital externalities between low income families and higher income families.
Being consistent with other studies, this paper also finds a positive relationship between initial average human capital level and the subsequent urban growth in U.S. MSAs, show- The findings in this study have important policy implications. The negative effects of economic segregation on urban growth implies that neighborhood sorting by income as a market outcome is not socially optimal. The demand for neighborhood sorting is too high because families, especially affluent families, ignore the social costs of economic segregation when they choose to live segregated from low income families. To bring the market outcomes back to the social optimum, local governments need to internalize the social costs of neighborhood sorting by encouraging more neighborhood integration, creating more social interactions between high human capital agents and low human capital agents. This can be done through changing zoning policy, public housing policy, and so on.
Some other findings of this study are as follows. First, only the economic segregation between poor families and non-poor families, but not the economic segregation among non-poor income groups, has a statistically significant relationship with subsequent metropolitan population growth. Second, the negative relationship between economic segregation and urban population growth is nonlinear. When the initial unemployment rates are higher, economic segregation is more costly and has stronger negative relationship with urban population growth. Third, economic segregation within racial/ethnic groups, especially between poor white families and non-poor white families, has strong negative relationship with U.S. metropolitan population growth. Economic segregation between racial/ethnic groups, typically the one between affluent majority white families and poor minority families which attracted most attention, is found to have no significant association with U.S. metropolitan population growth under the control of economic segregation within racial/ethnic groups. 1980-2000 1980-1990/1990-2000 (1) Intercalss D index (1) (2) (3) (4) (5) (6) (1) groups 1 and 2 1.000 (2) groups 1 and 3 0.894** 1.000 (3) groups 1 and 4 0.822** 0.924** 1.000 (4) groups 2 and 3 0.608** 0.824** 0.816** 1.000 (5) groups 2 and 4 0.638** 0.768** 0.922** 0.842** 1.000 (6) groups 3 and 4 0.567** 0.620** 0.820** 0.623** 0.903** 1.000 * p < 0.05, ** p < 0.01 
